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A fast-growing strain of human hepatitis A virus was selected and characterized. The virus has the unusual
property of developing a strong cytopathic effect in tissue culture in 7 to 10 days. Sequences of the viral genome
were cloned into recombinant plasmids with the double-stranded replicative form as a template for the reverse
transcription of cDNA. Restriction analysis and direct sequencing indicate that this strain is different from that
described by Ticehurst et al. (Proc. Natl. Acad. Sci. USA 80:5885-5889, 1983) in the region that presumptively
codes for the major capsid protein VP1, but both isolates have conserved large areas of homology in the
untranslated 5'-terminal sequences of the genome.

Described in the Babylonian Talmud after its most con-
spicuous clinical symptom ("yarkon" = jaundice), related
by ancient Romans to the living conditions of the armies
("ictero castrensis"), and suspected by Pope Zacharias (7th
century A.D.) to be a transmissible condition ("pesti-
lentia"), human hepatitis A (HHA) is still in our day a widely
spread infectious disease which is endemic in large areas of
the world. In Southern Europe and the Mediterranean area,
more than 90% of the young adult population bear serolog-
ical evidence of past infection (3% in Scandinavia and 40% in
the United States).
The etiological agent of HHA is a picornavirus of the

enterovirus group (3, 6, 13, 26). Electronmicroscopic exam-
ination of virions isolated from fecal specimens revealed
naked, icosahedral particles, about 27 to 32 nm in diameter
(4, 25). The viral genome is a single-stranded, infectious
RNA molecule, about 7,500 to 8,000 bases long, of "posi-
tive" polarity (3, 4, 26). Four polypeptides of molecular
sizes 30, 24, 21, and 7 to 10 kilodaltons form the capsid (2, 3,
26, 29). By analogy with other picornaviruses (polio, foot-
and-mouth disease, rhinoviruses, etc.), it is reasonable to
assume that the largest structural protein (VP1) contains the
antigenic determinants responsible for viral neutralization.

Transmission is supposed to occur through the oral-fecal
route, in areas where poor hygienic conditions favor the
pollution of water. There is, so far, no specific prophylaxis
against HHA.

Several groups have succeeded in growing the virus in
either primary or established cell lines (5, 8, 9, 13, 25), but
apparently all of these isolates were only able to undergo a
limited ("restricted") replication. Viral growth (as revealed
by immunofluorescence or enzyme-linked immunoassays)
was very slow (6 to 10 weeks), without any detectable sign of
cytopathic effect (CPE) (3, 13, 26), suggesting that optimal
conditions for stable, high-level replication were still to be
determined (6).
The question to be addressed, therefore, was whether

such unusual behavior constituted an intrinsic characteristic
of HHA virus or whether it merely reflected the lack of a
suitable, fully permissive cell line. We report here the
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adaptation ofHHA virus to a simian cell line, resulting in the
production of infectious virions and typical CPE in 7 to 10
days.
These properties made the fast-growing strain a suitable

isolate to study the biochemistry of HHA virus replication.
Accordingly, as a first step toward the analysis of the
genome structure and organization, we cloned the viral
genome. To overcome the difficulties involved in the reverse
transcription of a 7.5- to 8-kilobase-long RNA template, we
developed a procedure that allowed us to insert into re-
combinant plasmids cDNA copies of the hepatitis genome
obtained by reverse transcription of both strands of the
virus-induced, double-stranded (ds) replicative form (RF).

(Part of this research was presented at the Sixth Interna-
tional Conference of Virology, Sendai, Japan, 1 to 7 Sep-
tember 1984.)

MATERIALS AND METHODS

Cells. Monolayers of human diploid, Vero, and RC-37
(cercopithecus) cells were routinely maintained in Eagle
minimum essential medium (Hanks salts) containing 10% calf
serum and antibiotics. Frp/3 is a subline derived in our
laboratory from Frhk/4 (rhesus). After 6 months in spinner
culture, Frhk/4 cells were plated, and single-cell clones were
selected by standard procedures after the culture underwent
its third crisis. Frp/3 cells have been maintained since 1980 in
Stocker-McPherson medium supplemented with nonessential
amino acids, antibiotics, and either 10% calf serum and 0.11%
bicarbonate (growing medium) or 2% serum and twice the
normal amount of bicarbonate (maintenance medium).
Immune sera. Three sets of human negative and convales-

cent sera from certified patients with acute hepatitis A were
used throughout these studies. They were generously pro-
vided by B. Flehmig (Tubingen, Federal Republic of Ger-
many) and M. Jung (Virion AG, Zurich, Switzerland).
HHA viral antigens. HHA viral antigens were detected

either by indirect immunofluorescence (IIF) as previously
described (19) or by means of a standard enzyme-linked
immunosorbent assay (ELISA) (Hepanostika; Organon,
B. V. Boxten, Holland), according to the instructions of the
manufacturer.

Isolation of human hepatitis virus. Feces samples from a
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young relative of a patient with acute hepatitis A were
collected during what was suspected to be the incubation
period and stored at -70°C. The stool samples from days 6
and 4 preceding the onset of clinical symptoms were used to
prepare a 10% (wt/vol) dispersion in phosphate-buffered
saline containing penicillin (200 p.g/ml), streptomycin (200
pLg/ml), kanamycin (100 p.g/ml), and amphotericin B
(Fungizone) (100 ,ug/ml). The suspension was clarified by
low-speed centrifugation (900 x g, 10 min), and then the
supernatant was subjected to a second centrifugation (5,000
x g, 30 min).
Barely confluent monolayers of the simian cell line Frp/3

were infected with 0.2 ml of the above-mentioned fecal
suspension. The virus was allowed to adsorb at 4°C for 1 h
before adding 1.5 ml of prewarmed Stocker-McPherson-
modified minimum essential medium containing 2% fetal calf
serum, nonessential amino acids, and 0.22% bicarbonate.
At regular intervals, the growth of the virus was monitored

by IIF. Four to eight weeks after the infection, when the
cells showed typical images of specific cytoplasmic fluores-
cence, the cultures were frozen and thawed thrice, and the
clarified supernatants were used to infect a fresh set of
cultures.

Addition of poly(A) sequences to the ds HHA RF. The
reaction mixture (final volume, 100 p.l) contained the follow-
ing: 100 mM Tris hydrochloride (pH 7.5), 0.5 mM EDTA, 5
mM MgCl2, 5.5 mM ATP, 10 p.Ci of [3H]ATP (specific
activity, 50 mCi/mmol), 8 mM AMP, 40 U of RNasin, 5 U of
myokinase (EC 2.7.4.3), 0.5 U of polynucleotide phosphor-
ylase (EC 2.7.7.8), and 5 to 20 pLg of HHA ds RF. The
reaction was incubated 15 min at 32°C. The kinetics of
incorporation was monitored by spotting at intervals onto
DE-81 paper disks duplicate 1-plI samples. The filters were
washed by suction with two 15-ml portions of 6% Na2HPO4,
rinsed with 20 ml of water, dried, and counted by liquid
scintillation. To the bulk of the reaction (about 90 pl), EDTA
and sodium sarcosinate were added to 5 mM and 0.5%,
respectively. The polyadenylate [poly(A)]-tailed HHA RF
was then extracted three times with an equal volume of
phenol-chloroform. The organic phases and the thin
interphase were sequentially washed with 50 pul of 10 mM
Tris hydrochloride (pH 7.5), the wash and the final aqueous
phase were combined, potassium acetate was made 500 mM,
and the poly(A)-tailed HHA RF was precipitated with 2.5
volumes of ethanol (-20°C overnight or -70°C for 2 to 3 h),
collected by centrifugation (10,000 x g, 4°C, 1 h), dried
under vacuum, and dissolved in 10 p.l of 10 mM Tris
hydrochloride (pH 7.5)-20% dimethyl sulfoxide.

Synthesis of DNA complementary to both strands of HHA
virus RF. The poly(A)-tailed HHA virus RF was first heat
denatured (96°C for 90 s, 0°C for 2 to 3 min); 5 pL. (9 p.g) of
oligo(dT)12-18 and 1.6 p.l of 2.5 M KCl were then added, and
the reaction was incubated for 2 min at 65°C. The hybridiza-
tion of the oligo(dT) primer to the poly(A)-tailed template
was allowed to proceed for 5 to 10 min at 60°C, 20 min at
55°C, and 45 min at 42°C. One microliter (40 U) of RNasin
was added, and a reaction mixture (final volume, 50 p.l) was
constructed that contained the following: 40 U of RNasin, 50
mM Tris hydrochloride (pH 8.2), 10 mM MgCI2, 80 mM KCl,
2 mM dithiothreitol, 0.8 to 1 mM each dCTP, dGTP, and
dTTP, 100 pLCi of [32P]dATP (specific activity, 1,200
Cerenkov cpm/pmol), and 20 U of reverse transcriptase
(Seikagaku, St. Petersburg, Fla.). Early experiments had
shown that the presence of a residual 4% dimethyl sulfoxide
in the reaction does not affect adversely the process of
reverse transcription. To monitor the kinetics of the reac-

tion, duplicate 1-p.l samples were spotted at intervals onto
DE-81 paper disks, counted as Cerenkov units to check the
uniformity of the sample size, and washed with 6% Na2HPO4
as above; the radioactivity bound to the filters was counted
as Cerenkov radiation. To the bulk of the reaction, 32 p.g of
phenol-purified commercial carrier RNA was added, EDTA
and sodium sarcosinate were brought to 5 mM and 0.5%,
respectively, and the nucleic acids were extracted three
times with 100 p.l of phenol-chloroform as in the previous
step. After ethanol precipitation, the template RF was elim-
inated by alkaline hydrolysis (300 mM NaOH and 2 mM
EDTA at 100°C for 45 s, immediately followed by neutral-
ization with HCI and Tris hydrochloride [pH 8.2] brought to
400 and 200 mM, respectively), and the cDNA was resolved
from unincorporated deoxynucleoside triphosphates and de-
graded RNA by gel filtration (Sephadex G-50, fine). The
peak fractions of the void volume were combined, 30 p.g of
carrier RNA was added, and the nucleic acids were ethanol
precipitated.

RESULTS

Selection of the fast-growing strain of HHA virus. Isolated
HHA virus (Fig. 1) was serially passaged in Frp/3 cells, a

subline of Frhk/4 cells. During the first six to eight passages,
a typical immunofluorescent granulation appeared in the
cytoplasm of infected cells after 3 to 4 weeks at 34°C and was

maximal within 8 to 10 weeks postinfection (Fig. 1). As the
percentage of immunofluorescent cells increased, so also did
the amounts of cell-bound HHA viral antigens quantitated
by a specific ELISA (Fig. 1C). Beginning from serial passage
12, as soon as 25 to 30% of the cells were positive in the IIF
test, HHA virus-infected cultures were frozen and thawed,
and the clarified supernatants were used to infect a fresh
culture. This procedure resulted in the progressive shorten-
ing of the time between the infection of the culture and the
production of HHA antigens as revealed by either IIF or

ELISA. Eventually, it was possible to reduce the time
between serial passages of the virus to roughly 3 weeks.

After 20 more passages of HHA virus in Frp/3 cells, a

clear CPE developed in these cultures in response to the
infection. Typically, nuclei became pycnotic (6 to 9 days),
the cells rounded up, and by 12 to 15 days most of them had
either detached or undergone total degeneration (Fig. 2). To
check whether the observed CPE was induced specifically
by HHA virus, three human, high-titer anti-HHA sera were

used in classical neutralization tests. Figure 3 depicts a

representative experiment in which the hyperimmune serum

prevented simultaneously the development of CPE in Frp/3
cells and the synthesis of HHA antigens as revealed by
either the ELISA or the IIF test. None of the negative sera

had the slightest effect on the outcome of the infection, even

at the lowest dilution (Fig. 3). The role of the host cell was

then investigated. Cultures of human diploid fibroblasts,
Vero, or RC-37 cells were infected with the fast-growing
strain of HHA after passage 31 on Frp/3 cells. Three weeks
later, more than 50% of the cells showed specific cytoplas-
mic IIF. None of the above cell lines, however, developed
any CPE.

Purification of HHA virus. HHA virus was extracted from
Frp/3 cells which had been infected for 9 to 12 days by two

cycles of freezing and thawing, followed by mild detergent
treatment (Dounce homogenization in 10 mM Tris hydro-
chloride plus 0.2% Triton X-100 [pH 7.5]). After pelleting the
particulate material and eliminating the light contaminants
by centrifugation through a 20% sucrose cushion, the viral
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FIG. 1. Isolation ofHHA virus. Barely confluent monolayers of Frp/3 cells were infected as described in Materials and Methods. Four (A)
and eight (B) weeks after infection, the presence of HHA-related antigens was revealed by IIF or by means of a standard ELISA. (C)
Percentage of cells found positive in the IIF test (0) and antigens detected by ELISA (0) (optical density at 494 nm).

particles were sedimented to equilibrium in a CsCl gradient
at pH 7.5. HHA antigens were assayed in each fraction with
a standard ELISA kit. The following three unequal compo-
nents were clearly resolved (Fig. 4): a major peak (1.31 to
1.32 g/ml), a smaller one of denser particles (1.39 to 1.41
gIml), and a broad irregular band (distributed between 1.28
through 1.24 g/ml) that tended to vary from one preparation
to another. A similar distribution has been reported for HHA
particles directly isolated from fecal specimens or purified
from tissue culture (7, 26; A. G. Coulepis, Ph.D. thesis,
Monash University, Melbourne, Australia, 1981). The viral
particles present in each peak were pelleted through a 40%
sucrose cushion. Solid-phase immune electron microscopy
was used to characterize the virions. Naked particles, simi-
lar in size and shape to poliovirions and of typical
icosahedral symmetry and no discernible structure, were

readily observed (Fig. 4B). Like other picornaviruses, the

bulk of the infectivity was confined to the standard-density
particles, the denser and light components being barely
infectious (data not shown).
Upon phenol extraction, the virions of either density

yielded intact RNA that migrated in neutral agarose gels
under nondenaturing conditions as a single band slightly
behind the 9.2-kilobase fragment of HindIII-digested lambda
DNA (Fig. 4C).
HHA viral RNA was digested to completion with RNase

T1, the resulting fragments were labeled at the 5' end with
polynucleotide kinase and [y-32P]ATP, and the large T1-
resistant oligonucleotides were resolved by two-dimensional
polyacrylamide gel electrophoresis as previously described
(22). The complexity of the fingerprint depicted in Fig. 4D is
similar to that of the T1 fingerprints of the genome of other
picornaviruses (22). Moreover, the large T1 oligonucleotides
appear to be present in substantially equimolar amounts.
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FIG. 2. CPE induced by the fast-growing strain of HHA virus. Monolayers of Frp/3 cells were infected (B and D) with a 1:50 dilution of
passage 34 of HHA virus or were mock-infected (A and C) with spent medium. The cultures were incubated 15 days at 34°C. Panels C and
D show selected fields from panels A and B, respectively, at larger magnification.

The RNAs extracted from the standard or denser virions
yielded undistinguishable T1 fingerprints.

Molecular cloning of HHA virus sequences from its ds RF.
The RF of picornaviruses is a very stable ds RNA molecule
continuously produced during the process of replication that
tends to accumulate in membrane-bound structures. It con-
tains an intact copy of the genomic RNA, hydrogen bound to
a full-length complementary strand (21). The RF of HHA
virus was extracted as previously described (17) from the
cellular debris of Frp/3 cultures which had been infected for
12 days. After LiCl precipitation, cellulose chromatography,
and glycerol gradient centrifugation, it was tailed by the
addition of 3H-labeled poly(A) residues at the 3' end of both
strands in a reaction that used the enzymes polynucleotide
phosphorylase and myokinase. As we found it very difficult
to remove the traces of nuclease activity that contaminated
commercial preparations of myokinase, the elongation of
HHA RF was carried out at 32°C for only 15 min. The
poly(A)-tailed HHA RF migrated in neutral agarose gels
under nondenaturing conditions as a broader band than
native RF and slightly behind it (Fig. 5). HHA RF was heat

denatured and hybridized to oligo(dT), and both strands
were reverse transcribed into cDNA. In this reaction, the
7.5- to 8-kilobase-long RF was transcribed to an extent that
appeared to depend upon the degree and stability of the
intramolecular folding of the template. In early experiments
it was noticed that the conditions used to hybridize the
oligo(dT) primer to the RNA template (ionic strength, tem-
perature, reaction volume) played a major role in this
respect, being critical for both the efficiency of the process of
transcription and the length of the product obtained. Accord-
ingly, conditions were routinely used that yielded the longest
transcripts (see Materials and Methods).
The cDNA so constructed contained sequences comple-

mentary to both strands of HHA RF that, under proper
conditions, would hybridize to form a partial ds structure,
provided the 3'-proximal sequences of the cDNA copies
overlapped at least in part. The absolute prerequisite for this
to occur was that the reverse transcription of each strand be
completed for at least a minimum of half its length. Appar-
ently, however, this was not the case, and the longest cDNA
molecules obtained after the first run of transcription were

J. VIROL.
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still considerably shorter (1.9 to 2.4 kilobases) (Fig. 5).
Accordingly, the cDNA was reannealed to denatured HHA
RF and further extended with reverse transcriptase. The
cDNA obtained by this procedure consisted of a collection
of transcripts of various sizes (Fig. SB, lane b), representing
sequences derived from both strands of HHA RF. Some of
the transcripts were long enough to contain 3'-proximal
sequences complementary to each other. Accordingly, after
phenol extraction, alkaline hydrolysis of the template RF,
and gel filtration, the cDNA was hybridized and elongated in
both directions by using the large (Klenow) fragment of the
enzyme DNA polymerase. The untranscribed portions of
HHA cDNA were trimmed with nuclease Si, homo-
polymeric sequences of deoxycytidine were added with
terminal deoxynucleotidyl transferase, the "tailed" cDNA
was inserted into the polydeoxyguanosine-tailed PstI site of
the plasmid pBR322, and Escherichia coli HB101 cells were
transformed with the recombinant plasmids by published
procedures (15).

Identification of HHA-related sequences. Plasmid DNA
extracted from minipreparations of about 800 Tetr Amps
colonies was analyzed. To ascertain that the recombinants
contained HHA virus-specific sequences, the DNA was
immobilized onto Biodyne membranes (Pal Biodyne, Glen
Cove, N.Y.) and probed by dot hybridization with 5'-labeled
fragments of HHA virion RNA (Fig. 6). One hundred
seventy-five recombinants were used to construct a restric-
tion map of the genome of the fast-growing strain of HHA
virus. Overlapping fragments were oriented and lined up as
described previously (28). The restriction map of the fast-
growing strain of HHA virus is similar to that published by
Ticehurst et al. (28). Around the NcoI site (map position,
about 2.9 kilobases), however, we noticed that all of the
recombinants derived from the fast-growing strain of HHA
virus lacked the site for PvuII (map position, 3.3 kilobases)
(Fig. 6). This was confirmed by DNA sequencing as de-
scribed by Maxam and Gilbert (16).
The untranslated 5'-terminal sequences of the fast-growing

strain ofHHA virus RNA. Reverse transcription of the ds RF
(instead of virion RNA) was devised as a method to facilitate
the molecular cloning of the 5'-terminal sequences of the
genome, which in principle should be represented even in
the shortest cDNA transcripts of the negative strand. As
expected, a series of recombinant plasmids were identified
that carried inserts derived from the 5' end of HHA virus
RNA. These sequences, determined as described by Maxam
and Gilbert (16), are presented in Fig. 7.
A comparison of these sequences with those of three other

isolates of HHA virus that became available after submis-
sion of this manuscript (1, 12, 18) revealed that the fast-
growing strain ofHHA virus and two of the other isolates (1,
18) have conserved extended areas of homology in the
noncoding 5'-terminal region of the genome.

DISCUSSION
Infection of susceptible cells with a picornavirus usually

results in a strong inhibition of the host cell protein and

A a b c B ab
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FIG. 5. Panel A, Neutral agarose gel electrophoresis of the HHA
virus ds RF before (lane b) and after (lane c) the addition of poly(A)
sequences at the 3' end of both strands. Also shown is Hindlll-
digested lambda DNA (lane a). Panel B, Alkaline agarose gel
electrophoresis of 32P-labeled cDNA transcripts of the poly(A)-
tailed HHA ds RF before (lane a) and after being reannealed and
extended (lane b). Arrowheads indicate the position of the Hindlll-
digested lambda DNA fragments in kilobases.

nucleic acid synthesis ("shutoff'), which eventually leads to
cell death (14). Intriguingly, HHA virus has not been so far
reported to induce CPE in vitro. In contrast to all known
picornaviruses, HHA appears to be the only representative
of this group that undergoes an exceedingly slow replication
cycle (10).

In principle, the absence of CPE may be ascribed to some
intrinsic deficiency of the viral strain (e.g., overproduction
of defective interfering particles), to the lack of a suitable
fully permissive host cell line (27), or to the conditions of the
infection (temperature too high or low, multiplicity of infec-
tion, physiological conditions of the cell, etc.).

Therefore, the fast-growing strain described in this report
appears as the first cytopathogenic isolate of HHA, and
several lines of evidence indicate that it is indeed the agent
responsible for the observed phenomenon. In fact, the
synthesis of HHA-specific antigens (detected by either IEF
or ELISA) parallels the development of CPE. Moreover,

FIG. 4. Purification of the fast-growing strain of HHA virus. (A) HHA virus, extracted and purified as described in the text, was
sedimented to equilibrium in a CsCl gradient (pH 7.5). Shown are the distribution of HHA antigens (-) and the density of each fraction (A).
Denser (11-14), standard (21-26), and light (32-38) particles were pelleted from the fractions indicated by horizontal bars. (B) Standard-
density HHA virions were searched for by solid-phase immune electron microscopy. (C) The RNAs extracted from the denser particles (lane
a), standard virions (lane b), and the light component (lane c) were analyzed by electrophoresis through a neutral 0.8% agarose gel. (D) RNase
T, fingerprint of HHA virus RNA.

VOL. 56, 1985
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three sets of human anti-HHA sera (but none of the preim-
mune ones) collected in totally different geographical areas

(Switzerland and Germany) neutralized the infectivity of the
virus (i.e., its ability to replicate and to induce the synthesis
of specific antigens) and concomitantly prevented the estab-
lishment of CPE.
Upon extensive purification, the infectivity and the

cytopathogenicity were systematically associated with the
same sort of particles. Fingerprint analysis revealed a sub-
stantial homogeneity of the nucleic acids extracted from the
standard-density virions, the denser and the lighter compo-
nents, and even from the aggregates that occasionally
pelleted in the CsCl gradients. If a contaminant was present
in either the cultures or the viral preparation, it is difficult to
visualize how could it have passed totally undetected. More-
over, the inability of the fast-growing strain ofHHA virus to

induce CPE in cells other than Frp/3 tends to exclude the
possibility of trivial contamination with a cytopathogenic
virus and provides additional indication for the involvement
of a more specific virus-host cell interaction.
The pioneer studies of Plagemann and Swimm (23, 24)

underlined the role of the host cell in the establishment of the
shutoff and subsequent development of CPE. The same

strain of mengovirus (a picornavirus of the cardiovirus
group) that caused a strong inhibition of host cell RNA and
protein synthesis in Novikoff hepatoma cells did not inter-
fere noticeably with the host macromolecular synthesis
when it replicated in another nutritional derivative of the
same cell line. While the development of CPE in Frp/3 cells
upon infection with the fast-growing strain of HHA virus is
reminiscent of the mengovirus-hepatoma cell situation, the
molecular basis for an unequal susceptibility of different cell
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HaeIII(FGG) HpaII(5'CG) MboII(13>N3')

HpaII(5'CG) t4nlI(5-10>)
EcoPl (?)
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TGATACCTCACCGCCGrTTGCCTAGGCTATAGGCTAAATTTrCCCrTTCCC

MnlI(5-10>)
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TGTCCCTTCCCTATTCCCTT'ITTTTATTTCTAAATATTAATTCCGTAGG
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TCAGGGTTCAACGCGAAGAACCCTrCGGAGGAAGGGGG

FnuDII(FCG) Mnll(<5-10)
MboII(13>N3')

FIG. 7. Restriction map and nucleotide sequence of the 5' end of the fast-growing strain of HHA viral cDNA. Symbols: t, HaeIII; tV
HpaIl; Y, Mn1I; , FnuDII; y, MboII.

lines still remains unclear. Differences in the synthesis (or
processing) of virus-specific macromolecules in different cell
lines cannot be excluded a priori.
The molecular cloning of the genome of a picornavirus

from its ds RF offered distinctive advantages over conven-
tional approaches based on the reverse transcription of the
virion RNA. The ds RF of picornaviruses, in the first place,
contains a full-length equivalent of the viral genome, and a
complementary strand of opposite polarity, a structure that,
properly modified by the addition of poly(A) sequences,
proved to be perfectly suited to transcribe cDNA copies in a
reaction that was primed from the 3' ends of each strand and
proceeded in both directions. Moreover, since the capsid
proteins are coded for by the portions of the genome close to
the 5' end of the virion RNA (11, 20), i.e., 5,000 to 6,000
bases apart from the area of the RNA molecule where the
process of reverse transcription must begin, this new proce-
dure involving the transcription of the 3' areas of the
negative strand provided a most effective way to enrich the
sequences required for studies of the structural proteins.
Originally, we designed this procedure (i) to circumvent the
difficulties involved in obtaining cDNA copies of the 5'-distal
sequences of a 7.5- to 8-kilobase genome and (ii) to ensure
that a fair representation of the areas of the genome that
code for the capsid protein would be found in the population
of recombinant plasmids. Ultimately, it was also hoped that
the procedure would facilitate the construction of full-length
cDNA copies of the genome. While the first two expecta-
tions were amply fulfilled, the last was not. Whether the
shorter cDNA transcripts had an advantage over longer ones

during the tailing and hybridization steps or whether the
recombinant plasmids carrying shorter foreign sequences
were preferentially amplified is a matter of speculation at
present.

Restriction analysis of the recombinants allowed us to
assign the HHA virus-derived sequences to defined areas of
the viral genome, whose 5'-terminal region was then se-
quenced by current procedures (16). Two remarkable fea-
tures emerged from these studies.

(i) The untranslated 5'-terminal region of the fast-growing
strain of HHA virus presented large areas of homology with
the sequences of at least two other isolates (1, 18), suggest-
ing that the conservation of the structures preceding the
initiation codon may offer a defined selective advantage.

(ii) The restriction pattern of the fast-growing strain of
HHA virus used in these studies presented minor differences
with the map of the isolate ofHHA virus cloned by Ticehurst
et al. (28). In view of the remarkable immunological homo-
geneity of isolates of HHA virus collected in widely distant
geographical areas, the minor differences observed in the
restriction pattern of these two isolates underlines the need
to investigate at the molecular level the degree of homology
or divergence of viral genomes. The possibility must be
entertained that new, still undetected serotypes of HHA
virus may be identified in pathological specimens probed
with the cloned sequences.
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